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Definition of terms 
The terms used in this study are defined below according to how they are used in this study as 
adopted from either the United Nations Framework Convention on Climate Change (UNFCCC) 
or Intergovernmental Panel on Climate Change (IPCC). 
 
 Adverse effects of climate change: means changes in the physical environment or biota 
resulting from climate change which have significant deleterious effects on the 
composition, resilience or productivity of natural and managed ecosystems or on the 
operation of socio-economic systems or on human health and welfare. 
 Climate change: means a change of climate, attributed directly or indirectly to human 
activity that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time intervals. According to IPCC 
(2001) it refers to the statistically significant variation in either the mean state of the climate 
or in its variability, persisting for an extended period (typically decades or longer) which 
may be due to natural internal processes or external forces or to persisting anthropogenic 
changes in the composition of the atmosphere or in the land use. 
 Climate variability: variations in the mean state and other statistics (such as standard 
deviations, the occurrence of extremes etc.) of climate on all temporal and spatial scales 
beyond that of individual weather events due to natural internal processes within the 
climate system (internal variability) or to variations in natural or anthropogenic external 
forcing (external variability). (IPCC, 2001) 
 Climate system: means the totality of the atmosphere, hydrosphere, biosphere and 
geosphere and their interactions. 
 Climate: average weather conditions of an area or region calculated over a long period 
covering a large area. 
 Emissions: means the release of greenhouse gases and/or their precursors into the 
atmosphere over a specified area and period. 
 Greenhouse gases: means those gaseous constituents of the atmosphere, both natural and 
anthropogenic, that absorb and re-emit infrared radiation. 
 Source:  means any process or activity, which releases a greenhouse gas, an aerosol or a 
precursor of a greenhouse gas into the atmosphere. 
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Abstract 
Climate change and variability have great impact on the hydrological cycle and consequently on 
the availability of water resources. Variations in temperature and precipitation trends that are 
occurring are a consequent of the increase in the concentrations of greenhouse gases, which are 
subsequently affecting the hydrological cycle. This in turn affects water quantity and quality, 
which is essential for agriculture, domestic and industrial uses. This study, done in Elliot Town 
and the surrounding areas of Sakhisizwe Municipality in the Eastern Cape Province of South 
Africa, evaluates how climate change and variability is affecting water availability and its quality 
in the town. The impact climate change and variability on agricultural production is also assessed. 
Remote Sensing, Geographic Information Systems (GIS), databases and some statistical packages 
have been used to collect, analyse and create spatial maps used to derive concrete conclusions. The 
methods used aided in spatially analysing the changes in temperature and rainfall along the years 
and make a comparative analysis. The study has shown that the spatial changes in the amount, 
intensity and frequency of rainfall affects the magnitude and frequency of stream flows; 
consequently, increasing the intensity of floods and droughts that have been recurring in the last 
few decades. The municipality is more affected by climate variability than change, and the 
resultant extreme climate events are affecting the water resources resulting in domestic water cuts, 
poor water quality and low agriculture productivity. This study recommends the importance of an 
awareness campaigns on climate change and variability and their effect directed towards the 
community, especially on novel water harvesting technologies. The study also highlights the 
importance of a robust early warning system to prepare the community in case of a climate shock, 
which is an area that needs further research.  
 
Keywords: Climate change, climate variability, rainfall, temperature, water quality, flooding, 
drought, GIS, Remote Sensing, Sakhisizwe Municipality 
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CHAPTER 1 
INTRODUCTION 
1.1. Background 
Climate change and variability have been studied and described extensively as is found in the 
volumes of literature on the subject. For example, Cruz et al., (2007) described climate change as 
the rise in rainfall, flooding and drought and other weather events affecting an area for a certain 
period and this change brings about completely new weather and climate trends from the norm. 
Climate change and variability are global problems affecting communities in their diverse 
complexities and compositions. Nowadays extreme weather events are frequently being 
experienced worldwide and there is an increase of these conditions (Easterling et al., 2000). 
Climate change and its impact on the environment are inevitable and significant impacts will be 
felt through the demand for water in the communities (Bates et al., 2008). Industrialised countries 
are the major contributors of greenhouse gases emissions and as long as these emissions continue 
unabated, climate change and variability will continue worsening (Levin et al., 2010). Over the 
years, it has been very difficult for countries to reach an agreement on the reduction of these 
emissions because some of them did not want to experience some loses by scaling down production 
or introduce costly measures in dealing with the greenhouse gases. Moreover, the worst impacts 
of climate change are more severe in developing countries other than the culprit-industrialised 
countries themselves, hence lack of urgent action (Scholtz et al., 2013). 
Climate change has, is and will always (unless if some measures are put in place now to control 
and avert adverse consequences) impact on the various resources and communities in different 
ways and it is already affecting negatively on the water resources of South Africa. According to 
Davis et al., (2010) and Blignaut et al., (2009), a comparison of South Africa’s temperature of the 
period between 1997 and 2006 has revealed that there has been an increase of around 2%. During 
the same period, water scarcity has increased by 6%. Schulze, (2005) attests to this by stating that 
South Africa’s mean annual rainfall is almost half of that of the world at 490 mm making it a dry 
and water scarce country. It is very difficult to determine the impact of climate change and 
variability as it will always vary over the years and in different places (CSIR, 2001). Rainfall at 
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regional level, in Southern Africa, has shown variable trends showing marked inter-decadal 
variability (Schulze, 2005).  
According to Kruger (2006), long-term variations in rainfall and temperature trends are already 
affecting South Africa causing high climate variability. The increase in temperatures beyond 
expected levels and the changing rainfall patterns (both in quantity and seasonally) have negatively 
affected the water sources of many areas of the Eastern Cape of South Africa. Above and below 
normal rainfall received during some seasons has resulted in unpredictable water supplies to Elliot 
Town in particular and the surroundings communities of Sakhisizwe Municipality in general. 
During the past seven years this researcher has been living in the Eastern Cape, has witnessed the 
impact of climate change in Elliot Town, having seen some plants and animals adapting to new 
environments but there are other species that have also migrated due to changing climatic 
conditions.  
Because of water levels in reservoirs running low due to decreasing rainfall and high evaporation 
from high temperatures, the available water is usually of poor quality. Consequently, residents of 
Elliot Town are now resorting to boiling water they get from the taps as it is often dirty and has 
the risk of causing diseases if consumed directly (Karodia and Weston, 2001; Mirumachi and Van 
Wyk, 2010). This is a big challenge to most of the poor households as they resort to using the 
scarce and difficult to find firewood in the vegetation scarce Elliot environment. A minority of the 
residents can afford to buy purified (mineral) water as an alternative. Nevertheless, considering 
the high level of poverty in this community, not many can afford bottled water, and besides it is 
considered a luxury. It is thus imperative for the authorities concerned to find alternative ways to 
supply residents with clean water. With service delivery protests commonly experienced 
throughout the country, it becomes easy for people to blame everything on the municipality and 
the relevant authorities responsible for the supply of water to the public. 
It therefore becomes very imperative for policymakers and other stakeholders to have a thorough 
knowledge of climate change and its variability and how it can affect them in the near future. 
Communities must also understand how they are contributing to climate changes, and know how 
their daily activities are affecting the quantity and quality of water resources. On the other hand, it 
equips policymakers with the relevant and appropriate knowledge and information on how to 
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handle the impact of climate change on the provision of the basic services to the community 
including the supply of clean water. This study focused on the impact of climate change and 
variability on water availability and agriculture production. According to Kang et al., (2009) crop 
production will respond to climate change differently as in some areas it will increase and in others, 
it will decrease. The study also focused on adaptation strategies that should be considered to 
mitigate climate change impacts, and by empowering residents and farmers with knowledge on 
climate change and variability. The results of the study and especially the profiling of the impacts 
and adaptive strategies act as an early warning, which can be used in disaster preparedness.  
 
Climate change and variability is real and is with us and its impact is already being felt globally. 
Nevertheless, in low-income countries the impacts are expected to be severe because of low 
adaptation capabilities, (FAO, 2008). Recent research has shown that South Africa will experience 
water shortages in the coming few years as it is already a water scarce country (Hedden and 
Cilliers, 2014; Archer et al., 2010). Therefore, this study aims to recommend and suggest measures 
that would help the community in Sakhisizwe Municipality and particularly the residents of Elliot 
Town, to be more resilient and less vulnerable to the impacts of climate change and variability. 
1.2. Research Problem 
Like any other region in South Africa, climatic conditions in Elliot Town have been changing, 
particularly rainfall pattern and amount (Davis et al., 2010). Where people used to have consistent 
average rainfall they now experience incessant heavy downpours and sometimes this happens in 
winter when people would be expecting only snow. Runoff water received in the area is drained 
into the Thompson Dam, which lies about 4 km northeast of Elliot Town. Runoff water in the area 
is usually muddy and heavily polluted by the time it gets into the dam. The water is so polluted to 
the extent that it cannot be consumed directly from the dam, as it would need time to settle and 
clear up all the runoff load. However, at the same time the settled load increases siltation and 
therefore affects the dam’s water level. 
 
It has been also observed that during spring seasons it becomes very windy so much that water 
stored in open-top the reservoirs for treatment is covered with dust to such an extent that it becomes 
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as dirty as the water in the dam itself. Generally, there is no time of the year when there is a 
guarantee of clean water for the residents of Elliot. As the water remains stagnant for long, it 
becomes stinky causing bacteria to collect. These conditions risk the health of the people and in 
most cases end up using some traditional water purification method. This has affected safe water 
supplies making the once clean and safe water to be no longer suitable for consumption without 
first being boiled. In most cases, the water quality is so poor to the extent of causing waterborne 
diseases (Momba et al., 2006). 
 
Besides, water supplies have been interrupted lately as it becomes scarcer in recent years. Water 
scarcity is mainly attributed to increased evapotranspiration due to rising temperatures and reduced 
rainfall amount, and also due to aging equipment, which constantly breaks down (McMichael, 
2003). In South Africa, there have been service delivery protests as a result of the interruption of 
water supplies. The Sakhisizwe Municipality is no exception because its residents are also the 
recipients of the impact of climate change and variability on the already scarce water resources. 
There is, therefore, need for further research on new technologies and models that can be adopted 
to ensure uninterrupted clean water supplies. There is also a challenge of awareness campaigns in 
the municipality to conscientise policymakers and residents on climate change and variability. This 
study envisages equipping stakeholders in Sakhisizwe Municipality with valuable knowledge and 
an invaluable tool for disaster preparedness and climate change adaptation strategies. 
1.3. Rationale of the Study 
The study seeks to explore the impact of climate change and variability on the water resources of 
Elliot Town in particular and the Sakhisizwe Municipality in general. The study works towards 
obtaining possible solutions to climate related challenges faced in the town and the municipality. 
Residents of the town have been experiencing incessant water cuts prompted by the climate 
variability, and when the water is available, it will not be suitable for consumption, thus exposing 
them to health risks. Extreme climate events such as flooding and drought have been a common 
occurrence and at times extreme cold spells have been compounding the situation. Seasons have 
been very unpredictable of late and especially the rain season has become shorter (Archer et al., 
2010). These challenges have also been affecting agriculture production of the surrounding farms. 
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This study will benefit both residents and policymakers in the Sakhisizwe Municipality in their 
quest to provide better services to the residents. Stakeholders will be equipped with the knowledge 
of the various activities practiced in their locale, which are fuelling global warming, causing 
climate change, and thereby affecting water quality and agriculture production. The impacts of 
climate change and variability are profiled, suggesting possible solutions. The study will act as an 
early warning tool empowering stakeholders on adaptation strategies. Policymakers will be 
equipped with a tool to enlighten them to invest more resources in new technologies to harvest 
water to maintain constant quality water supplies.  
 
The results of the study will probably help avert numerous service delivery protests by angry 
residents as they get an in-depth understanding of the real causes of the problems they are facing 
as well as being prepared for change from the daily norm. The study will assist policymakers to 
take some holistic approaches when dealing with challenges caused by climate change. The 
residents will be equipped with resources to respond positively to climate change impacts, 
improving efficient water usage, recycling and build additional water storage facilities. 
1.4. Aims and Objectives 
1.4.1. Aims of the study 
The study aims to: 
(a)  assess the vulnerability of Elliot Town and the whole of Sakhisizwe Municipality in the 
Eastern Cape Province of South Africa to the impact of climate change and variability, 
paying particular attention on water resources and agriculture production, and  
(b) profile climate change/variability impacts and develop adaptive measures as an early 
warning tool to alleviate those impacts. 
The study focuses on the impact of climate change/variability on water resources and agriculture 
production in Elliot Town in particular and Sakhisizwe Municipality in general. 
1.4.2. Research Questions 
The following questions gave guidelines towards the execution of the research: 
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(a) To what extent has climate around Elliot changed over the years, and how has been the 
impact on water availability and agriculture production in Sakhisizwe Municipality. 
(b) What measures can the municipality put in place to continue supplying constant and clean 
water in the advent of climate change and variability? 
(c) Which adaptation strategies should the municipality adopt to avert the envisaged water 
shortages resulting from climate change and variability? 
1.4.3.  Objectives 
The specific objectives of the study are: 
(a) To assess the impact of climate change/variability on water resources of Sakhisizwe 
Municipality where Elliot Town is located. 
(b) To develop adaptation strategies to alleviate the impacts of climate change/variability. 
(c) To facilitate the implementation of long-term adaptation strategies to increase the resilience 
of households and the community to the adverse impacts of climate change and variability. 
1.5. Description of the Study Area 
1.5.1. Location, Area and Population 
Elliot (also known as Ecowa in the local Xhosa language) is a small town in Sakhisizwe 
Municipality, Chris Hani District Municipality in the Eastern Cape Province of South Africa. The 
town is situated near the Slang River whose sources is from the nearby Lower Drakensburg 
Mountains, about 70 km west of Maclear Town and 65 km south-east of Barkly East. Elliot Town, 
which was founded in 1885, became a municipality in 1911, and was named after Sir Henry George 
Elliot (1826-1912), Chief Magistrate of the Transkeian territories from 1891 to 1902 (IDP, 2009). 
The town is located between the coordinates: 31°20’S, 27°51’E. 
 
The town has a population of 14 376 residents (Stats SA, 2012), over an area of 28.85 km2, giving 
a population density of 500/km2. According to Stats SA, (2012), the racial composition of the town 
includes; Black African 93.9%, Coloured 2.6%, Indian/Asian 0.4%, White 2.7% and other 0.3%. 
The languages spoken in the Town are; Xhosa 87.1%, Afrikaans 4.5%, English 4.5%, sign 
language 1.7% and other 2.3%.  These figures could have changed due to the influx of people from 
African other countries. 
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There are about 27 weather stations with complete rainfall and temperature data in Sakhisizwe 
Municipality, and close to Elliot Town. The records from these stations are used in this study to 
assess climate change/variability in the municipality. Elliot Town is situated in the centre of 
Sakhisizwe Municipality, and is surrounded by many rivers, which drain their waters into the 
Nicora Dam, as shown in Figure 1.1. Figure 1.1 shows the location of Elliot Town in Sakhisizwe 
Municipality and also the location of the municipality in South Africa. Figure 1.1 also shows the 
location and number of weather stations whose data was used in this study. 
Figure 0.1: Location of Sakhisizwe Municipality in South Africa and the weather stations and 
water bodies found in the municipality 
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1.5.2. Landuse/Landcover and Topography of Sakhisizwe Municipality 
The municipality has warm moist summers, cold dry winters and snow during the winter months. 
Its land area is dominated by grasslands with isolated agriculture land as shown in the map on 
Figure 1.2. 
 
 
Figure 0.2: Land use/cover of Sakhisizwe Municipality as in 2003 
Source: CSIR, 2003) 
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The vegetation is mainly Grassveld. Trees and shrubs are found on rocky hills and ridges. Dohne 
Sourveld is the most common transitional forest and shrub type and the sweet grass is dominated 
by Redgrass Themeda triandra. Unimproved Grassland make up (76%), with Cultivated Dryland 
(9%), Degraded Unimproved Grassland (6%), Forests Plantations (2.5%), Thicket Bushland 
(2.2%) and Built Up Areas (1 %) making up the balance. 
 
Figure 0.3: Elevation of Sakhisizwe Municipality 
 10 
 
The land area of the municipal is gently undulating forming the Drakensberg foothills. The 
elevation in the area ranges from 800 m to 2 700 m above sea level as shown in Figure 1.3. The 
soil types vary according to topography. The low-lying area is characterised by soils with high 
clay content (highly erodible) and the surrounding hills consist of strong litho-soils. The area of 
the municipality is 2 556 km². 
 
The Slang River, one of the major rivers in the municipality feeding the Thompson Dam, has its 
source from the Lower Drakensburg Mountains. After about 3 km from the foot of the Drakensberg 
Mountains, the Thompson Dam was built. During summer the river gets its water from runoff 
coming mainly from the mountains and the surrounding areas, and during the winter season it 
feeds from the melting snow in the mountains. This is the main reason why the Slang River is 
perennial (IDP, 2009). Figure 1.4 shows part of the Slang River as it descends from the 
Drakensberg Mountains.  
 
Figure 0.4: The Slang River descending from the Drakensberg Mountains 
Picture taken in May 2015 
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1.5.3. Settlement Patterns and Land Tenure 
The Sakhisizwe Municipality, where Elliot Town is situated, is located within the North Eastern 
extent of the Chris Hani District Municipality. The municipality borders the Elundini Local 
Municipality (Ukhahlamba District) to the north and Engcobo Municipality to the east. To the 
south and west there are Intsika Yethu, and Emalahleni Municipalities respectively. The 
Sakhisizwe Municipal is composed of seven wards. 
 
Most of the land in Sakhisizwe Municipality is owned by the State, especially the land that used 
to be the Transkei homeland during the apartheid era. This includes the land area around Cala 
Town, which is known for its low agriculture yields due to its terrain, which is not suitable for any 
agricultural activity. However, around Elliot Town there are many privately owned commercial 
farms. 
 
There are different settlement categories in the Sakhisizwe Municipality namely: 
(a) Scattered low-density rural residential settlements. These are found mainly in the former 
Transkei area, which lies to the south of the municipal area where service delivery is 
generally poor and land ownership is communal. There is little economic activity in these 
settlements except for some few shops with limited goods in stock. 
(b) Communal agricultural land. These areas are found along the peripheries of the area 
bordering Cala Town.   
(c) Commercial farms. These are found mainly outside Elliot on the periphery of the 
municipality. 
(d) Urban settlements. These are the towns within the municipality of the municipality which 
include Cala and Elliot towns. The social and infrastructure services are typical of urban 
nature and the services are more advanced as compared to the other settlements in the 
municipality.  
1.5.4. Agricultural Activities 
The agricultural activities that practised in the Sakhisizwe Municipality include maize production 
and animal husbandry. Cattle and sheep rearing are practised mainly at commercial level around 
Elliot Town. In Cala (former Transkei) area, there are many small-scale commercial and 
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subsistence farmers. Most of the smallholder farmers in the area focus on cattle, sheep and goat 
farming although goats are kept mainly for cultural practices. 
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CHAPTER 2 
THEORETICAL FOUNDATION 
2.1. Introduction 
Understanding trends in rainfall and temperature are critical in projecting future crop production 
and water availability in an environment of climate change and variability. Previous studies have 
shown that climate change and variability will impact future farming and food systems as 
environments are substantially modified due to shifts in seasons (FAO, 2003; Clements et al., 
2011; Godfray et al., 2010; Hanjra and Qureshi 2010; Brown and Funk, 2008). Climate change 
will result in agriculture struggling to meet the demands of a changing global population, as the 
globe will experience water deficits and consequently low crop production (Barnett et al., 2005; 
UNECA, 2002). There is evident growth in demand for food and water in many areas, Elliot 
included, and this together with sea levels rising due to temperature increases and rainfall patterns 
have made the efforts to address the challenges of climate change impacts difficult to accomplish. 
(Camill, 2010). Faced with such situations it is therefore imperative to have some adaptive 
measures in place such as new technologies and applicable and very relevant policies that would 
be helpful in solving the problem than compounding it (Clements et al., 2011; Camill, 2010). The 
knowledge of the available adaptation options and their likely benefits or costs is highly linked to 
the knowledge of how temperatures and rainfall are going to rise and to decline respectively. 
 
Agriculture is the most important activity that provides for the livelihoods of the communities and 
smallholder farmers in the Eastern Cape (EC). However, crop productivity is very low. For 
example, maize has an average yield of less than one t/ha (Archer et al., 2010). Low and variable 
rainfall, together with the increasing temperatures are the major limiting factors to crop production 
in the Eastern Cape (Mason et al., 1999). Southern Africa is the region that is expected to be 
affected mostly by the declining rainfall and increasing temperatures because the communities 
lack resources to adapt. Climate change and variability are causing shifts in areas suitable for 
cultivation of a wide range of crops (Mason, 1996, IPCC, 2001; Davis et al., 2010; Turral, 2011). 
Developed countries are actually expected to have an increase in cultivated area (Nhamo and 
Chilonda, 2012). The demand for water has tripled since the 1950s worldwide, but the supply of 
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fresh water has been declining (Gleick, 2003). Temperature in Southern Africa is already said to 
have risen by a range of between 10oC and 30oC (Midgley et al., 2011; Davis et al., 2010; DEAT, 
2004). These changes have brought variation in the cropping season and affecting livestock types 
that adapt to the former temperatures. The International Panel on Climate Change (IPCC) 
recognises that developing countries are particularly vulnerable to climate change, especially due 
to lack of resources (IPCC, 2007). 
 
This chapter explores some climate change and variability impacts already evident in Sakhisizwe 
Municipality where Elliot Town is located. These impacts are explained through the evidence of 
extreme weather events, such as flooding and droughts as well as projections of the effects on 
agriculture and on economic activities. This chapter also focuses on other studies that have been 
done in relation to climate change impacts on water availability and agriculture production. It 
further explores how people perceive climate change and variability and how they are presently 
adapting to climate induced change. 
2.2. Defining Climate Change and climate variability 
It is generally acknowledged that change and variability in the Earth's climate are being 
experienced throughout, and that their adverse effects are a common concern to humankind as 
shown by previous research (Nhamo and Chilonda, 2012; Archer et al., 2010; IPCC, 2007). Human 
beings all over the world have found it imperative to meet their daily needs by various industrial 
operations. Consequently, these operations have directly or indirectly contributed immensely to 
the greenhouse gases in the atmosphere which play a major role in the rise in global warming 
which in turn turns back to affect the natural ecosystems and the same human beings apparently 
(UNFCCC, 1992). 
 
Therefore, climate change and variability have been taking place and it has become imperative for 
measures to be taken to alleviate the impacts. South Africa has also been experiencing climate 
change and variability as evidenced by the high frequency of dry spells and flooding in some 
regions of the country. It should be noted that climate change and climate variability are two 
different terms. 
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2.2.1. Climate change 
Climate change is defined as change of climate, which is associated to anthropogenic activities 
that modify the composition of the atmosphere. These changes are observed over a comparable 
period of time (IPCC, 2001; UNFCCC, 1992). These changes are normally due to natural internal 
processes or external forces occurring in the composition of the atmosphere caused by 
anthropogenic activities (IPCC, 2001).  
 
The United Nations Framework Convention on Climate Change (UNFCCC) thus makes a 
distinction between “climate change” attributable to human activities altering the atmospheric 
composition, and “climate variability” attributable to natural causes (UNFCCC, 1992). While 
UNFCCC attributes climate change to affect directly or indirectly to human activities, the IPCC 
(2014) states that, it is change in the mean and/or the variability of its properties for up to a decade 
or longer. This state of the climate can be proven through some statistical tests that can be 
conducted. 
2.2.2. Climate variability 
The IPCC (2012) acknowledges that there is a direct link between climate change and climate 
variability in that human activities, which lead to climate change, have resulted in climate 
variability as they produce the greenhouse gases that effect the atmosphere. According to IPCC 
(2001), the change on the average state of the climate on all temporal and spatial levels to extents 
that are above actual weather events which are as a result of processes that take place inside a 
climate system or anthropogenic forces. Seasonal climatic conditions become unpredictable 
resembling extreme weather events that in most cases cause climate shocks like drought and 
floods. Rains, for example, may fall intensely for very short periods causing floods, but disappear 
for long periods making the rain season shorter. In most cases, rain is either above or below normal, 
making the agriculture seasons unpredictable. In as much as climate change leads to climate 
variability there is also evidence that climate variability does have an effect on the various 
communities that depend on the climate. 
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2.3. Vulnerability Level of South Africa to Climate Change  
Sixty five percent (65%) of South Africa is semi-arid, with an average rainfall of 450 mm/year, 
which is well below the world average of about 860 mm/year (Otieno and Ochieng, 2004). Only 
28% of the country receives more than 600 mm of rainfall (Dyson, 2009), and this is mainly in the 
coastal areas of which the Eastern Cape Province is part of. South Africa is thus, described as a 
water scarce country with an uneven distribution of water resources in space and seasons (Davis 
et al., 2010). The annual fresh water availability of South Africa is less than 1 700 m3 per capita 
(the index for water stress). The current estimate is 1 154 m3 per capita/year (FAO, 2005). Seckler 
et al., (1998) estimate that by 2025 South Africa will be one of the countries in the world that will 
experience physical water scarcity with an annual freshwater availability of less than 1 000 m3 per 
capita (the index for water scarcity). Although the Eastern Cape receives more than 600 mm of 
rain annually, it has also been affected by droughts over the years, for example, the drought that 
occurred in 2009 was described as the worst drought in more than 50 years (Mandleni, 2011). 
 
Annual rainfall distribution has experienced some changes in that average rainfall has decreased 
to below the normal levels, which is perceived to be a direct result of an increase in annual 
evapotranspiration, which could exceed annual precipitation, by a ratio of up to 20:1.This explains 
the reason why droughts tend to be on the rise (Schulze, 1997). Previous studies have shown that 
average annual rainfall has been declining over the years, whilst average temperatures have been 
increasing in the Eastern Cape, (Mandleni, 2011; Davis, 2010). 
 
The increases in water demand is mainly due to agricultural, industrial and domestic uses, but 
agriculture far surpasses the other two. What exerts more pressure on South African water 
resources is that only 9% of its rainfall reaches the river streams, which is lower than the average 
of 31% from the recorded rainfall data around the rest of the world (DWAF, 2002). A number of 
man-made modifications have been done on rivers worldwide (Postel, 2000), with South Africa 
being no exception. Based on the nature of water resource availability in South Africa, the 
government and the private sector have constructed a number of water reservoirs/dams to ensure 
sufficient water supplies for anthropogenic use (Palmer and O’Keeffe, 1990; Davies and Day, 
1998; King et al., 1999; Ashton, 2007). According to the Water Research Commission (WRC) the 
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South African government has constructed more than 500 dams with a total of 37 000 million 
cubic meters storage capacity (WRC, 2007). These dams have resulted in natural river flow 
obstruction (Palmer and O’Keeffe, 1990; Postel, 2000; Revenga et al., 2000), water physical-
chemistry and ecosystem alterations (Palmer and O ’Keeffe, 1990; Davies and Day, 1998).  
 
Recurring extreme weather events are on the rise throughout the world and are expected to 
continue increasing in the future if no measures are taken to reduce the greenhouse gasses 
(Easterling et al., 2000). Prolonged droughts and periods of heavy downpours that cause flash 
floods are expected to be frequently experienced in the near future. For example, extreme rainfall 
events in Elliot Town were experienced in the months of February and March of 2014. According 
to AgriSA (2006) the number of areas in South Africa that are affected by extreme drought and 
excessive rains are increasing. The most affected areas are those with poor infrastructure, 
especially in marginal areas that are more fragile and subjected to natural disasters, where most 
people live. These extreme climate related events have caused high economic costs to the South 
African government. Climate related disasters do not only affect water availability, but also result 
in food insecurity as agriculture production is negatively affected. The most vulnerable are always 
the poor as they do not have the means to deal with the negative effects of drought and flooding. 
2.4. Current Impacts of Climate Change 
The expected impact of climate change and variability on agriculture will mainly be due to trends 
such as the ever-increasing population, which in turn depends on agriculture (Thomas and 
Twyman, 2005). Desertification and the reduction of agricultural land have led to the reduction of 
agricultural production, which in turn has adversely affected the livelihoods of households as 
people go with less food than they require. 
 
The relationship between climate and farming activities should be well understood in order to 
achieve significant sustainable economic growth especially in developing countries where 
resources are insufficient for people to adapt. Poor countries do not also have enough technologies 
to develop tools like early warning systems (IPCC, 2007). In most cases, smallholder farmers and 
are the most affected due to constrained adaptive capacity. As extreme weather events are expected 
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to increase in future and yet the current levels of understanding of smallholder farmers on climate 
systems is still low, the impacts of climate change and variability could be dare. This will 
negatively affect the farmers’ level of production leading to increased food insecurity at both 
household and national levels. Elliot Town and its surrounding areas, being a farming community, 
are found to be very vulnerable to the impacts of climate change. 
 
Climate change and variability are having major impacts on smallholder farmers by adversely 
affecting ecosystem services which smallholder farmers depend on. According to Nhamo and 
Chilonda (2012) there are going to be many changes that will affect the whole agricultural 
production system. This in turn will have an effect on developmental programmes, which depend 
agriculture as the economies of most developing countries depend on agriculture. 
 
As identified by Bockel and Smit (2009), climate change leads to a rise in temperature and a 
decrease in precipitation. The rise in temperature results in increased evapotranspiration, thereby 
affecting water supplies and crop yields. Crop production levels will greatly be affected and water 
quality will be reduced which will affect revenue to a great extent. Crop farmers suffer the 
consequences of climate change because of drought and flooding. This in turn leads to low income 
generation, job losses and food insecurity as farming is the main source of income and food for 
smallholder farmers. They will find it very difficult to maintain their infrastructure and some 
farmers will end up moving to other areas opening up new farms leading to more and more 
vegetation being destroyed. (Nhamo and Chilonda, 2012). 
 
Ecological niches will also be affected by climate change due to the unpredictability of amount 
and time when the rainfall will come. Living organisms will therefore have to change their 
dwelling places in search better environments (Davis et al., 2010). Farmers are thus faced with a 
very difficult situation in such circumstances as they are forced to move their livestock around so 
often. Adapting to new environments is always a challenge. 
 
Some of the effects of changes in rainfall and temperatures already evident in South Africa include: 
(a) a reduction in the amount of crops produced because of very little rainfall which leads to 
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changing agricultural practices thus affecting the economy of the farmers (Midgley et al, 2011), 
(b) increasing temperatures lead to the high rate of evaporation causing water scarcity (UNECA, 
2006), (c) higher temperatures are causing the spread of pests and diseases, for example, the high 
frequency of armyworm and locusts invasion (IPCC, 2007; Patz et al., 2003), (d) water availability 
in rivers, dams and lakes is increasingly diminishing due to the net effect of increased temperatures 
and evaporation (Davis, 2010), (e) there are increased occurrences of floods as the incidence of 
sudden heavy rainfall events is increasing (Midgley et al, 2011; Hunter, 2003), and (f) there is an 
increase of water pollution and a decrease in water quality linked to erosion and high rainfall 
events, which increase the presence of sediment and nutrients in water bodies (Davis, 2010). 
 
Figure 2.1 shows part of the Slang River as it is about to enter Thompson Dam which supplies 
Elliot Town with water. The Slang River has its source on the Lower Drakensburg Mountains and 
after about 3 km from the foot of the mountains the Thompson Dam was built. 
Figure 0.1: Part of Slang River as it approaches Thompson Dam 
Picture taken in May 2015 
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2.5. Summary 
Previous studies have shown that climate change is perceived in terms of extreme heat, droughts 
and flooding which come at unexpected periods of the year, and resulting in disasters. In addition, 
it has been perceived in the form of declining rainfall patterns and reduced rainfall season. Water 
sources have been seen drying up to the detriment of the population and the farming community 
in its entirety. Perceptions have also been in the form of a rise in sea-level, incidences of cyclones 
and increased pollution. All these observations show that climate change/variability has been 
happening and has been acknowledged and endorsed by many countries of the world. 
 
Climate change and variability impacts have been felt strongly in developing countries, bringing 
social and economic instabilities. It has negatively impacted consumer welfare and household 
economies. The extreme heat and excessive rains have impaired economic activity such as farming 
and domestic activities mainly because the economies of developing countries are agro-based. The 
most undesirable aspect about climate change and variability is that it has been noticed to affect 
the poor because they lack the resources to quickly adapt to change. The negative impacts of 
climate change and variability are already being felt in and around Sakhisizwe Municipality. 
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CHAPTER 3 
RESEARCH DESIGN AND METHODOLOGY 
3.1 Introduction 
This chapters covers the Research Methodology and Design which encompass the methods and 
techniques by which data were collected, analysed and evaluated. It includes the sources of data 
used as well as the sample size used. Included in this chapter are the research design, data analysis 
techniques and also issues related to ethics in research. The triangulation research methodology 
was used to collect data in this study. The triangulation research method is a plan of action that 
combines methods from different paradigms and methodologies (Olsen, 2004). According to 
Babbie and Mouton (2001) it is one of the best ways of enhancing validity and reliability in 
qualitative research. In this study phenomenology as a meta-theory was applied to explain and 
understand the dynamics and complexities of human nature as they build their livelihood portfolios 
in relation to climate change. Structured interviews, observation, images, ethnography, random 
and stratified sampling techniques were used to effectively conduct the research. Multivariate data 
analysis techniques, ethnography and use of tables were other techniques used in collecting, 
coding, analysing and interpreting data. 
3.2 Research Design 
Kumar (2005) defines research as a plan, structure and strategy of investigation that is so conceived 
to obtain answers to research questions or problems. On the other hand, Shafeek (2009) describes 
research as a design viewed as a set of fundamental beliefs in a worldview, which delineates the 
nature of the world, and the individual’s place in it. It also takes note of the variety of probable 
relationships to that world for an individual. Hofstee (2006) contends that in the research design 
section the researcher should name and discuss the overall approach to be used to test the research 
statement. 
 
This study used a combination of research methods which include both quantitative and 
qualitative. A mixed research method according to Johnson et al. (2007) is the type of research 
that combines aspects of qualitative and quantitative methods for the broad purpose of 
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comprehension and validation. This research design included a field or natural experimental study. 
Experimental research is concerned with cause and effect relationships that are expressed in 
different variables (Sheehan, 1986). 
 
The data for the study were collected during a field study from May to October 2013. Analysis of 
rainfall and temperature data was carried out to assess climate change and variability over time 
and measure the physical and socio-economic impacts with reference to the water resources in 
Sakhisizwe Municipality population and agriculture production were analysed in order to identify 
the impacts of climate change and variability on the lives of people in the municipality. 
 
The climatic data from meteorological stations covering different areas of the Sakhisizwe 
Municipality were collected from the South African Weather Services. The selection of the sample 
area for the study was based on the data availability and the study requirements. The Slang River 
and the Thompson Dam were the main focus of the study as they influence the Sakhisizwe 
Municipality and Elliot Town in particular. This research included a field or natural experimental 
study (Mouton, 2001). Experimental research is concerned with cause and effect relationships that 
are expressed in different variables (Sheehan, 1986).  
3.3 Data collection and sampling 
3.3.1. Collection Techniques  
Of the many methods of data collecting suggested in literature a questionnaire with interviews 
schedule is one of the most effective as it allows information gathering from the ground. The 
questionnaire has to be designed prior to the interview itself. De Vos (2005) defines a questionnaire 
as a set of questions on a form or template which is completed by the respondent in respect of a 
research project. In this study, the researcher made use of both questionnaires and personal 
interviews, which allowed face-to-face interactions, lasting only a few minutes. The face-to-face 
interviews were done for saving time, as some farmers were unwilling to respond to the 
questionnaires. 
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De Vos (2005) states that the questions should be well formulated, revised and be deemed to be 
clear and easy to be understood by the respondent. This is because the respondent will have to 
work independently and should spend a lot of time on the questionnaire as it might make him/her 
lose interest in taking part in the research. This ensures that errors are rectified at little costs. No 
matter how effective the sampling or analysis of the results, ambiguous questions lead to non-
comparable responses, leading to biased responses and vague questions lead to vague answers. 
According to Babbie and Mouton (2001), the interviewees should only complete the questionnaire 
rather than to read through long and erroneous statements that are difficult to understand. Clear 
and precise questions are therefore important to avoid vague responses. Mbonyane (2006) stresses 
the importance of pre-testing the questionnaire to identify areas of the research tool that need 
changes. 
 
The principal instruments used to collect data were interviews (both one-on-one and 
questionnaires), and also collection and downloading from the internet. People of different races, 
nationalities, economic backgrounds, religious beliefs and varied political persuasions inhabit 
Elliot. The multi-racial/cultural/economic nature of the town makes it such a complex community, 
which needs some exclusive techniques when collecting data depending on the group of 
individuals being approached. Permission was sought from the municipality to interview the 
residents. The permission was in written form that was shown to residents before the interview. 
 
Semi-structured questionnaires were designed and distributed to people in the public and private 
organizations, employees, employers and residents from both high and low density areas. The 
researcher distributed the questionnaires himself. Questions for the interviews were set in such a 
way that they take into cognisance the different scholarly levels of the intended interviewees. 
These questions were therefore prepared in simple language and explicit enough to give very brief 
and concise answers to avoid occupying people for too long. These questionnaires helped establish 
the residents’ assessment of the fresh water availability over the past 20 to 30 years or as long as 
they have leaved in Elliot. This helped the researcher understand the impact of climate change on 
domestic water supplies. Shot direct interviews were held with large commercial and small scale 
 24 
 
farmer representatives to find out their perceptions about the impact climate change has had on the 
water resources for livestock and crops. 
 
The researcher also liaised with Weather SA and accessed historical records of both temperature 
and rainfall in time series. Historical water quality data was obtained from the Department of Water 
and Sanitation (DWS) and from the municipality records. Farmers and farmer organisations also 
provided data on agriculture production. Some of the data was also downloaded from reliable data 
sites such as FAO and World Bank database. 
3.3.2. Sampling Techniques 
Sampling is the technique used to identify a subset of the population which is representative of the 
entire population in the process of data collection. Strydom (2005) defines a sample as some 
elements of the certain population, which are selected for performing a desired study. It can also 
be described as a subset of measurement drawn from the population in which the study is 
interested. 
 
There are two main methods for sampling which are known as probability and non-probability. 
This study used probability sampling. Tustin et al., (2005) define probability sampling as a plan 
in which every member of the population is accorded a chance of being included in the sample. 
They further define non-probability sampling as those instances in which the chances of selecting 
members from the population in the sample are unknown. It is a subset of measurements drawn 
from a population that is being focused and targeted by the study in question Strydom (2005). In 
this study, weather stations in Sakhisizwe Municipality were selected, bearing in mind the 
availability of the required historical data for a period of 30 years. This sample was done to cover 
a broad spectrum of the entire Sakhisizwe Municipality in order to assess and appreciate how 
temperature and rainfall have been changing over the years. This analysis made it possible for the 
evaluation of the impact of climate change on water resources and agricultural production in the 
Sakhisizwe Municipality. An analysis of past trends in rainfall and temperature allowed to project 
into the future of how these climatic factors will be like. This trend analysis was done using 
statistical packages and spreadsheets. 
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3.3.3. Sampling error 
According to Gray, (2006) a common cause of error in sampling depends with the sampling frame. 
It is important to ascertain that all the relevant data is collected and to remove all irrelevant 
information, which does not answer the objectives of the study. This process is called under-
coverage if some important data is left out and over-coverage is when unnecessary data is included. 
The members in the sampling frame have to be easily identifiable to avoid under-coverage or over-
coverage. 
3.4 Data sources 
In this study data was collected through interviews with the residents of Elliot Town and the 
farmers around Sakhisizwe Municipality. Municipal employees were also interviewed to give their 
views and perceptive on the impact of climate change on the Sakhisizwe Municipality. Water 
quality data was collected from the municipality records and the Department of Water and 
Sanitation (DWS). Temperature and rainfall data was obtained from Weather SA and also from 
the Food and Agriculture Organisation of the United Nations (FAO) website. Data on agriculture 
production was obtained from the local Department of Agriculture, Forestry and Fisheries (DAFF) 
and Stats SA. Geographic Information Systems (GIS) and remote sensing techniques were used as 
sources of data in land use change detection. Some important information like runoff, erosion and 
historical data was obtained from literature. 
3.4.1. Fieldwork 
According to Sumbulu, (2010) fieldwork is part of research where a researcher leaves deskwork 
to enter the real world to collect data and for ground truthing. Interviews were conducted as part 
of fieldwork and ground truthing was done to verify what was obtained from remote sensing. 
Frequent visits to the Thompson Dam and the Slang River gave the researcher an insight of the 
quality of water in the river and the dam. 
3.4.2. Data Coding 
According to Gibbs and Taylor (2010), the process of data, coding is one, which involves combing 
the data for certain themes, ideas and categories and then marking similar passages of text with a 
code label so that they can easily be retrieved at a later stage for further comparison and analysis. 
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In this study, data was coded using themes that emerged from the findings and stored in 
spreadsheets and GIS packages. 
3.5 Study Methodology 
Past and current rainfall and temperature patterns and trends in Sakhisizwe Municipality of the 
Eastern Cape, South Africa, were analysed and the impacts of those changes on crop production 
in the context of climate change and variability were evaluated. An analysis of the trends of 
climatic factors is made in order to make a projection on future crop production in the municipality. 
An analysis of current vulnerability of the communities in the municipality to climate variability 
and a discussion of the projected impact of climate change and variability on crop production and 
water availability are made. Trend analysis is used to analyse temperature and rainfall data 
patterns, as well as the trends in crop production recorded for the past 30 years. A projection on 
levels of crop production in the next 20 years is made. Correlations are used to confirm the relation 
between climatic factors, renewable water resources availability and crop production. Geographic 
Information Systems (GIS) is used for spatial analysis to explain these trends. The study provides 
a comprehensive assessment of the municipality’s water and food security challenges as they are 
related to climate change. 
 
Both in-situ and remote sensing measurements of precipitation and evapotranspiration have 
limitations and are often combined to give a better estimate. Because of these issues with 
measurement, and the spatial limitations of historical data sets, a number of variables were used to 
examine the consistency of changes in precipitation. Local farmers and the residents in general 
confirmed have observed changes in the amount, intensity, frequency and type of precipitation in 
Elliot and surrounding areas. From interviews and observations by the researcher there have been 
increases in flash floods, even occurring where total amount of rainfall has been low. These are 
some of the changes caused by climate change. As temperature increases, the moisture-holding 
capacity of the atmosphere increases at a rate of about 7% per 1°C (Kundzewicz et al., 2007). It is 
estimated that atmospheric water vapour increased by about 5% over the oceans in the 20th century 
(Trenberth, 2011). 
 
 27 
 
According to Turpie et al., (2002), water resources that are modelled using the ACRU hydrological 
modelling system in South Africa show considerable shift in hydrological functioning due to 
changes in rainfall and temperature patterns. Changes in rainfall patterns have an effect on the 
hydrological cycle and the precipitation changes have a direct impact on the runoff. (Kiker, 2000). 
However, particularly where total precipitation is decreasing, increases in the intensity of 
precipitation will correspond with longer dry periods between rainfall events. In addition, as 
temperature rises, precipitation is more likely to fall as rain rather than snow. This is especially 
true at the beginning and end of the snow season. The impact of rising temperatures on snowfall 
will affect the seasonality of river flows, particularly where snowfall is already more marginal. In 
many cases, peak flow would occur at least a month earlier (Bates et al., 2008). In the near future, 
there will be an increased demand for groundwater, as people would need water for irrigation. This 
is also likely to be a result of reduction of surface water availability because precipitation has been 
highly variable, making it very difficult to predict the seasons. Groundwater levels are bound to 
be affected the same way as the rate of groundwater recharge is affected and this all is because 
climate change. A warmer climate, with its increased climate variability, will increase the risk of 
both floods and droughts (Wetherald and Manabe, 2002). This is the most likely scenario in the 
Sakhisizwe Municipality. 
3.5.1. Analysis of Rainfall Trend 
A study of past rainfall trends helps better understand how present rainfall patterns and totals differ 
from those historical patterns and assist in perceiving the changes that have been taking place along 
the years. An analysis of trends and fluctuations in past observed rainfall data gives indications of 
the direction and magnitude of possible future changes. In this study an analysis of rainfall records 
observed over the past 30 years from 1980 to 2010, was carried out to understand its pattern and 
trend in Sakhisizwe Municipality. The past rainfall trend provides the basis for projection of future 
rainfall changes and patterns. 
 
Recorded rainfall and temperature data from stations in the municipality (shown in Figure 1.1) 
were used to calculate average annual rainfall and mean monthly temperature of the municipality. 
The average annual rainfall and monthly temperature of the stations was calculated for the years 
1980 to 2010 and the results used to plot graphs showing rainfall and temperature trends and 
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patterns in the past. The calculated averages were also used to create continuous rainfall and 
temperature surface maps for the years 1980, 1990, 2000 and 2010 through interpolation in GIS. 
The interpolation of annual rainfall temperature totals for different years was done to understand 
spatio-temporal changes in rainfall patterns in the municipality during the past 30 years, with an 
aim of developing adaptive measures to alleviate the impact of climate change. The inverse 
distance weighting (IDW) interpolation method was used to create the continuous surface rainfall 
and temperature maps. The IDW interpolation method has been widely and successfully used in 
spatial rainfall and temperature distribution studies in many parts of the world (Watts and Calver, 
1991; Childs, 2004; Lu and Wong, 2008; Chen and Liu, 2012).  
3.5.2. Calculation of the Area Weighted Average Rainfall 
The area weighted average annual rainfall was calculated using the Thiessen’s Polygon method. 
Thiessen’s polygon relates each point in the municipality with the nearest weather station. The 
process tessellates the municipal area into regions that are closer to a particular. To average rainfall 
values in the created Thiessen polygons, the polygons are intersected with the municipal map in 
GIS to calculate the area weighted average. The weighted average rainfall is calculated using 
Equation 3.1 as follows (Perry and Hollis, 2005; Garcia et al., 2008): 
 
 =
∑ 
∑ 
  [3.1] 
 
where, Pi is the municipal weighted average rainfall in mm; Pk is the rainfall associated with each 
weather station in mm; and Aik is the area of intersected polygon associated with weather station k 
and municipality i in m2. 
3.5.3. Evaluation of the Climatic Moisture Index 
The degree of aridity of Sakhisizwe Municipality was estimated using the Climatic Moisture Index 
(CMI). The CMI is an index of the relative dryness or wetness of an area, and it defines the water 
stress or scarcity (aridity) of a place. It is based on the combined effect of temperature and 
precipitation as it is linked to soil moisture, and therefore it is correlated with potential 
evapotranspiration. The CMI is calculated based on the methodology developed by Willmott and 
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Feddema (1992), using the ratio of annual precipitation (P) to annual potential evapotranspiration 
(PET), as indicated by Equations 3.2 and 3.3: 
 
CMI =


− 1, when	P < PET, and [3.2] 
 
CMI = 1 −


, when	P ≥ PET [3.3] 
 
The index ranges from –1 to +1, with wet climate showing positive CMI and dry climate negative 
CMI. The CMI is an aggregate measure of potential water availability imposed solely by climate. 
Just like average rainfall for each country, the potential evapotranspiration (PET) of each country 
was calculated from data recorded from weather stations within the municipality and the results 
interpolated to create a continuous PET surface. The Thiessen’s Polygon method was then used to 
calculate the area weighted average PET for the municipality. The PET and eventually the CMI 
was calculated for 1980, 1990, 2000 and 2010. The results were then used to assess the aridity of 
the municipality. 
3.5.4. Runoff Estimation 
Average runoff (in mm) for the municipality was estimated using annual average rainfall data and 
the relationship between rainfall and runoff obtained from FAO (2000) and Ashton (2002) as 
shown in Figure 3.1. Average annual runoff is important in water balance studies, water resource 
assessments and the planning and allocation of the available water resources. Expressed in depth 
unit, average annual runoff indexes the volume of flow in rivers per unit area of contributing basin. 
Runoff is, therefore, the major source of water for reservoirs. Runoff is estimated to give 
indications on the potential of rainfall to recharge reservoirs and to understand its trends over the 
years. 
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3.5.5. Qualitative Research 
Qualitative research is defined by Mboyane (2006) as the research that focuses on people’s lives, 
their experiences, behaviours, emotions and feelings as well as organisational functioning, social 
movements, cultural phenomenon and interactions between nations. It also seeks a better 
understanding of complex situations, and it is often explanatory in nature and the observations are 
used to build theory from the ground up. It attempts to accurately describe, decode, and interpret 
the meanings of phenomenon occurring in their normal context. In this study sample, data was 
collected using direct observations and interviews. Then it was analysed using graphs, as it is 
deduced from narratives and individual quotes of the interviewed and observed subjects. 
3.5.6. Quantitative Research 
Quantitative research is an investigation of a phenomenon by testing a theory that can be measured 
numerically and analysed statistically Shafeek (2009). The explanations and predictions that are 
used to establish, confirm, and validate relationships and develop generalisations that contribute 
Figure 0.1: Comparison of surface runoff (expressed as a percentage of annual rainfall) versus average annual rainfall for 
mainland African countries. Data taken from FAO (2000) 
Adopted from Ashton (2002) 
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to theory and thus sought and given. Neil (2007) states that the major strength of quantitative 
research is that measurement is reliable, valid and can be generalised. 
 
This study was both qualitative and quantitative in nature as semi-structured questionnaires and 
semi-structured in-depth interview schedules were used in the collection of data. Questionnaires 
were self-administered with closed and open-ended questions covering the following areas; 
knowledge about climate change, understanding of the consequences of climate change, 
recommendations and opinions on how to overcome the impact of climate change. Quantitative 
data was analysed using Hydrostat method. Age, gender and economic activity status were 
analysed quantitatively. Descriptive data has been presented using graphs. 
3.5.7. Use of Geographic Information Systems and Remote Sensing 
Remote Sensing and Geographic Information Systems (GIS) provide a mechanism to locate, view 
and analyse a physical process on earth for spatial analyses without being in contact with the object 
of interest (Holcombe et al., 2007). These novel tools have revolutionised spatially based analysis 
as processes can be studied in real time, especially when combined with Global Navigation 
Satellite Systems (GNSS) such as Global Positioning Systems (GPS) (Vairavamoorthy et al., 
2006). GIS was use for data inventory and query, spatial analysis and decision-making. The 
capability of GIS to integrate various forms of data and store relationships between features and 
their locations and attributes facilitated the trend analysis and change detection in this study. 
Combining these functions with modelling tools enabled the conversion and analysis of large 
amounts of information and then into knowledge that is useful in mapping. GIS and remote sensing 
were used to store and analysis, create maps and compare trends over time. They were also used 
in landuse change detection. 
3.6 Ethical considerations 
Ethics guarantee some respect for people, their rights, privacy, integrity etc. (Sheehan, 1986). To 
ensure ethically acceptable research and to adhere to UNISA’s policy on Ethics, the research 
proposal was approved by the Ethics Committee. The study was dependent on the use of human 
subjects for completion. An ethical treatment of research participants is not only essential for the 
welfare of the individuals themselves but also for a continued effectiveness of scientific discipline 
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(Stangor, 2007). The ethical aspects need to be considered at all times in order to ensure a 
successful research (De Vos, 2005). 
3.6.1. Confidentiality 
A high degree of confidentiality was exercised so as to keep any information supplied that is not 
for public consumption confidential. No data collected from a particular source was and will have 
to be shared with any third part without prior arrangements and agreement with the particular 
source. 
3.6.2. Informed consent 
All the respondents to the interviews willingly participated and freely answered all the questions 
they were asked without any cohesion or being compelled. They were made aware about what they 
were doing and why they were doing it and also that the information they were supplying was 
solely to be used for scholarly purposes and in the end of the research, it may be used for the 
benefit of their service providers for the improvement of their livelihoods. 
 
De Vos (2005) states that obtaining informed consent is that the information gathered on the goal 
of the investigation, the procedures which will be followed during the investigation, the possible 
advantages, disadvantages and dangers to which respondents may be exposed, as well as the 
credibility of the researcher, be rendered or availed to potential subjects or their legal 
representatives. 
3.6.3. Limitations 
Due to the size of the area under studied and the scarcity of data, there were some limitations in 
the full implementation of the desired methodology. In some cases, the researcher had to rely on 
data downloaded from the internet and from a few interviewed people. Rainfall and temperature 
data obtained from Weather SA had gaps and had to be supplemented with records from Food and 
Agricultural Organisation of the United Nations (FAO). Some of the targeted respondents found 
it a challenge to understand the concept of climate change and variability and as such would need 
more time with the researcher who would try to explain to them until they understood. This was 
indeed a great challenge as the researcher would also be fully committed at work to get a slight 
chance to focus on the demands of the study. 
 33 
 
3.7 Summary 
The methods and techniques of data collection, analysis and evaluation were direct interviews 
through the administration of questionnaires and from relevant organisations like Weather SA, 
Municipality offices and National Aeronautics Space Agency (NASA). The sources of data used 
ranged from direct observation to analysis of data provided by the Weather SA, Sakhisizwe 
Municipality and data gathered from the internet. The triangulation research methodology was also 
used to collect data in this study. In this study phenomenology as a meta-theory was applied to 
explain and understand the dynamics and complexities of human nature as they build their 
livelihood portfolios in relation to climate change. Structured interviews, observation, images, 
ethnography, random and stratified sampling techniques were used to effectively conduct the 
research. Multivariate data analysis techniques, ethnography and use of tables were the other 
techniques used in collecting, coding, analysing and interpreting data. 
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CHAPTER 4 
RESULTS AND DISCUSSION 
4.1. Introduction 
This chapter presents results of how climate change and variability are affecting the water 
resources of Elliot Town in the Eastern Cape and the rest of Sakhisizwe Municipality. The whole 
of Sakhisizwe Municipality is the town’s catchment area. The results of the data analysis as well 
as the effects on agriculture production are presented. The results are then used to profile climate 
change impacts and the adaptive strategies that can be taken to alleviate those impacts. Such profile 
can be used as an early warning system by policymakers and other stakeholder in case of an 
occurrence of a climate change and variability induced shock. The developed early warning system 
can be exported to other areas in the country to alleviate climate change impacts.  
4.2. Rainfall Pattern and Trend in Sakhisizwe Municipality 
A study of how rainfall has been changing in the past helps better understand how it may change 
in the future. An analysis of trends and fluctuations in past observed rainfall data gives indications 
of the direction and magnitude of possible future changes. In this study an analysis of rainfall 
records observed over the past 30 years, i.e., from 1980 to 2010 (for spatial distribution maps) and 
from 1983 to 2012 (for graphs), was carried out to understand its pattern and trend in Sakhisizwe 
Municipality. The past rainfall trend provides the basis for projection of future rainfall changes 
and patterns. Recorded rainfall data from rainfall stations in the municipality was obtained from 
South Africa’s Weather Bureau (Weather SA) were used to calculate average annual rainfall of 
the municipality. The average annual rainfall of the stations was calculated for the years starting 
from 1980 to 2010. The results of the rainfall data analysis were used to plot graphs showing 
rainfall trends and patterns in the past, a projection of possible trends, as well as to create spatial 
distribution of rainfall maps. 
The calculated annual rainfall totals were used to create continuous rainfall surface maps for the 
years 1980, 1990, 2000 and 2010 through interpolation. The interpolation of annual rainfall totals 
for these 10-year periods was done to understand spatio-temporal changes in rainfall patterns in 
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the municipality during the past 30 years, with an aim of developing adaptive measures to alleviate 
the impact of climate change and variability. The inverse distance weighting (IDW) interpolation 
method was used to create the continuous surface rainfall map using GIS. 
4.2.1. Rainfall Pattern and Trends 
Figure 4.1 presents the rainfall pattern of Sakhisizwe Municipality from 1983 to 2012. The average 
monthly rainfall was calculated from data recorded at weather stations in the municipality. The 
graph was derived from rainfall data calculated through the area-weighted average from weather 
stations in the municipality using the Thiessen’s Polygon method. The rainfall pattern indicates 
that rainfall is highly variable in the municipality and the variability has been intensifying in the 
last three decades. 
The graph presented in Figure 4.1 indicates that rainfall variability in the municipality has been 
intensifying in the last few years with some years showing some very high peaks and lows, 
resembling the extreme climatic events such as floods and droughts respectively. The frequency 
of droughts and floods is also very high. The annual rainfall pattern shown in the graph shows that 
total annual rainfall in the municipality has been slightly decreasing as there is a slight descent in 
the shape of the graph from 2001 to 2012, but the decrease is almost insignificant showing that the 
municipality is more affected by climate variability other than climate change. The high incidence 
of drought and flooding is causing water scarcity and poor water quality in the municipality. At 
times heavy downpours occur within a short period causing floods. Rainfall variability is causing 
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Figure 0.1: Change and variability of rainfall in the Sakhisizwe Municipality 
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the rain season to become unpredictable affecting agriculture. It is therefore necessary to harvest 
runoff to use during the dry spells and during the dry season through for irrigation. 
Using the rainfall trend line shown on Figure 4.2, it is envisaged that in the next 20 years (by 2032) 
rainfall averages in the municipality will remain almost the same, between 900 and 1 300 mm per 
annum, but with high incidences of floods and droughts. The R-squared value is 0.0079, which is 
a good fit of the line to the data. 
Therefore, in terms of rainfall patterns and trends, climate change has no much effect in Sakhisizwe 
Municipality. Nevertheless, the intensity of rainfall variability is expected to increase causing high 
incidences of flooding and drought. From the results of interviews done with the local community, 
it is noted that at times there are heavy downpours within a short period that cause floods. 
Moreover, in most cases when such heavy downpours take place and there are floods, the rain 
season is shortened. Also there are incidences of droughts like the one that was experienced in 
2010 and described as the worst drought in more than 50 years (Mandleni, 2011). 
4.2.2. Spatial-temporal Changes in Rainfall Distribution over Time 
The spatial distribution of annual rainfall in 1980, 1990, 2000 and 2010 in the municipality is 
shown in Figure 4.3 as a, b, c & d respectively. The maps were created using Thiessen’s Polygon 
method. The IDW interpolation method was used to produce the maps shown in Figure 4.3 where 
changes in rainfall patterns and variability between 1980 and 2010 are observed 
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Figure 0.2: Rainfall trends in Sakhisizwe Municipality until 2032 
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Figure 0.3: Spatio-temporal rainfall distribution in the Sakhisizwe Municipality between 1960 and 2007 
 39 
 
The maps shown on Figure 4.3 show insignificant changes in rainfall patterns in the municipality 
during the 4 decades presented. The spatial distribution of rainfall for the past 30 years has been 
variable showing minor shifts in areas receiving high and low rainfall, but generally, the rainfall 
amount shows little changes. Perusal of Figure 4.3 (d) which represents the rainfall pattern of 2010 
indicates high rainfall amounts have shifted to the south, a similar trend with the one presented by 
map (b). Maps (a) and (b) are also showing similar characteristics in rainfall distribution indicating 
that the spatial distribution of rainfall may be variable but the trend repeats itself. 
Therefore, an analysis of Figures 4.1 and 4.3 indicates that rainfall amount in Sakhisizwe 
Municipality has not been declining over the years but it has been highly variable. However, 
combined with evidence from interviews and rainfall data analysis and as shown in Figure 4.1 the 
incidence of flooding and drought has been occurring with high frequency in recent years. These 
impacts of climate variability have therefore, been affecting the water quality and its availability 
in the municipality. Flooding affects water quality and drought affects water availability. 
4.2.3. Water Quality in Sakhisizwe Municipality 
Figure 4.4 shows some filters that were taken from a water purification shop of a local business 
man who after realising that the water consumed by Elliot residents is of poor quality decided to 
start up a water purification project. Water from the municipality reservoirs destined for human 
consumption is collected from household taps and then filtered through Filters 1, 2 & 3. 
At stage 3, the water is clean enough for human consumption. Filters 1 & 2 indicate the poor water 
quality drawn from the taps as is shown by the colour of the water. However, after being purified 
   
Filter 1 Filter 2 Filter 3 
Figure 0.4: Domestic water quality as it passes through different stages of the purification process 
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through the three filters the quality improves and it is ready for human consumption. Many 
residents consume the water directly from the taps without removing all the mud evident on filters 
1 & 2 shown in Figure 4.4, as they cannot afford to buy the purified mineral water. 
4.3. Temperature Pattern and Trends in Sakhisizwe Municipality 
Just like rainfall, a study of how maximum and minimum temperature have been changing in the 
past helps better understand how it may change in the future. An analysis of trends and fluctuations 
in past observed temperature data gives some indications of the direction and magnitude of 
possible future changes. An analysis of maximum and minimum temperature records observed 
over the past 28 years, i.e., from 1985 to 2013 was done to understand their patterns in the 
municipality to understand how they are affecting water resources. The past temperature trends 
provide the basis for projection of future changes and patterns. The recorded temperature data is 
used to plot graphs showing how temperature has been changing in the past 
4.3.1. Maximum Temperature Pattern and Trends 
The graph on Figure 4.5 shows the pattern and trend of maximum temperature in Sakhisizwe 
Municipality from 1985 to 2013. Just like rainfall, maximum temperature has been highly variable 
along the years, however showing an increasing trend in recent years. The projection line shown 
in Figure 4.5 indicates that maximum temperature has been increasing along the years and by the 
year 2032 it is projected to increase to an average of 23.8oC, yet the average in 1985 was 22oC. 
The projected warmer temperatures will favour the opening of more land for cultivation as the land 
that is normally covered by snow will become suitable for agriculture. The increase in temperatures 
will also trigger more high intensity rainfall that causes floods. However, the floods will continue 
affecting the quality of water affecting its consumption by residents and for other uses. The 
increasing maximum temperatures will also result in increasing evapotranspiration. The demand 
for water is bound to increase with increasing urban population and cultivated land. The increase 
in the demand for water by humans and for agriculture, coupled with rainfall variability and 
increased evapotranspiration, will worsen the problem of water scarcity in the municipality. 
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4.3.2. Minimum Temperature Pattern and Trends 
Figure 4.6 shows the pattern and trend of minimum temperature in Sakhisizwe Municipality from 
1985 to 2013. Unlike maximum temperature and rainfall, which are highly variable, the average 
minimum temperatures in the municipality have maintained constant minimal variations along the 
years. The minimum temperature trend and projection has been following the same pattern since 
1985 to present averaging around 6.9oC. However, there were 2 exceptional years, 2006 and 2012, 
that showed averages of 8oC. The variations, however, do not cause any significant impact on the 
availability or variability of rainfall. The projection trend-line of Figure 4.6 indicates that by 2032 
the average minimum temperature in the municipality will remain the same, 6.9oC. Minimum 
temperature will therefore, have an insignificant impact on water availability in the Sakhisizwe 
Municipality in the near future. 
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Figure 0.5: Average annual maximum temperature pattern and trend in Sakhisizwe along the years 
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Figure 0.6: Average annual minimum temperature pattern and trend in Sakhisizwe along the years 
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4.4. Impact of Climate Change and Variability on Agriculture 
4.4.1. Correlation between Rainfall and Cereal Production 
Figure 4.7 is a graph showing the correlation between rainfall and cereal production in Sakhisizwe 
Municipality from 1986 to 2011. Cereal production has been highly dependent on rainfall in the 
municipality showing variations along the years depending on the variability of rainfall. Cereal 
production has been showing an upward trend because of the opening of more land for agriculture 
and the use of irrigation to produce crops throughout the year. According to the results of 
interviews done with some farmers the increase in production is not necessarily climate related but 
is because of technological advancement and new knowledge of farming techniques acquired from 
other regions. 
4.4.2. Changes in Agricultural Area 
A comparison in landuse change between maps created in 2003 and 2014 respectively, as shown 
in Figure 4.8, indicates some significant changes in land under cultivation. The cultivated land on 
map (a) which was created in 2003 by the Council for Industrial and Scientific Research (CSIR, 
2003), shows small and scattered patches of land. However, map (b) developed in 2014 by the 
researcher, shows vast land under cultivation. The 2014 landuse map was developed from the 
image classification techniques in remote sensing using ERDAS Imagine. Landsat 8 satellite 
images of August 2014 were used to create the landuse map of the municipality. Fieldwork was 
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Figure 0.7: Correlation between rainfall and cereal production in Sakhisizwe Municipality along the years 
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done in the municipality to verify the mapped landuse features and collect sample points. The 
collected points were added to some points derived from Google Earth. These ground truth points 
were used in a confusion matrix and Kappa analysis to verify the mapped features. 
 
The maps show that there is an increase in area of land under cultivation as shown on the map on 
Figure 4.8. The increase in the area of land under cultivation could be because of more land 
becoming suitable for agriculture due to increase in temperature, as the Eastern Cape is a generally 
cold and snowy province. It is already documented that more land in colder areas will become 
suitable for agriculture due to climate change (Nhamo and Chilonda, 2012; Turral et al., 2011; 
IPCC, 2001). 
  
Figure 0.8: Landuse change in cultivated land in Sakhisizwe Municipality 
a b 
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4.5. Climatic Moisture Index (CMI) of Sakhisizwe Municipality 
Table 4.1 presents the CMI of Sakhisizwe Municipality for the decades 1980, 1990, 2000 and 
2010, which are all negative. The CMIs were calculated using annual rainfall (P) and annual 
potential evapotranspiration (PET) applying Equations 3.2 and 3.3. The negative CMI values 
indicate that the PET in the municipality exceeds precipitation representing a negative water 
balance. According to Vörösmarty et al., (2005), there is a classification link between CMI values 
and climatic conditions (CMI < -0.6 = Arid; -0.6 < CMI <0 = Semi-arid; and CMI > 0 = Humid). 
The average CMI for the municipality for the 4 decades is -0.72, qualifying the municipality to be 
a semi-arid and water-scarce according to the Vörösmarty classification (Vörösmarty et. al, 2005). 
 
Table 0.1: Climate Moisture Index (CMI) for Sakhisizwe Municipality 
Year 1980 1990 2000 2010 
Rainfall (mm) 683.34 769.20 1191.99 925.96 
PET (mm) 2478.00 3297.60 3422.40 3457.20 
CMI -0.72 -0.77 -0.65 -0.73 
 
The semi-aridness of the municipality has been almost constant over the years. This is an 
encouraging sign for agriculture as water plays a crucial role as input to the production system. 
This will encourage the opening of more land for agriculture in the municipality during this era of 
losing agriculture land due to shifts in agriculture seasons due to climate change. 
4.5.1. Runoff trend in Sakhisizwe Municipality 
Table 4.2 presents the runoff in the municipality over the years, calculated using annual rainfall 
values and Figure 3.1. As runoff is a function of rainfall, it was also observed to be highly variable 
over the years just like rainfall. Perusal of Table 4.2 reveals that in 2010 runoff dropped drastically 
and this could be due the drought experienced in the 2009/10 season. However, in 1987 it was 
exceedingly high because of flooding in that season. 
 
Table 0.2: Runoff trends in Sakhisizwe Municipality 
 1980 1987 1990 1997 2000 2002 2010 
Runoff (mm) 23.4 43.3 22.5 20.3 21.8 22.6 6.5 
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4.5.2. Water storage 
Many farmers in the Elliot community have some form of water storage facilities either in the form 
of a small dam or storage containers. The dams, for example the one shown on Figure 4.9, collect 
water from streams during the rainy season and store it for use during the winter season which is 
normally dry or when there is little rainfall. In normal circumstances, the private dams store enough 
water for the individual farmer’s needs during the dry season. 
 
The overhead containers are normally filled with water drawn from underground sources and 
mainly used in households. However, in some cases farmers draw water from rivers into some 
tanks erected in their farmsteads. Water is drawn from the rivers by the use of some water pumps 
as indicated on Figures 4.10. 
Figure 0.9: Small dam built in a commercial farm 
Photo taken June 2015 
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4.6. Adaptation Strategies 
It is projected that the municipality will mainly be affected by climate variability rather than 
climate change. Therefore, some climate shocks related to climate variability are expected to 
continue affecting the municipality. Table 4.3 shows some of the envisioned climate related 
impacts expected to affect the municipality. Table 4.3 highlights such impacts and provides the 
strategies that can be adopted to mitigate those impacts. The purpose of the profile in Table 4.3 
acts as an early warning system that stakeholders can use to prepare for future climate shocks. The 
profiles are organised primarily to aid early warning activities as they outline possible impacts and 
adaptive strategies that can be taken to aid communities to withstand climate related shocks. 
  
  
Figure 0.10: Water being drawn from Slang River for storage in a reservoir 
Photo taken in June 2015 
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Table 0.3: Expected climate variability shocks and adaptation strategies in Sakhisizwe Municipality 
Expected Climate Shock Adaptation Strategies 
Decreased water availability in rivers due to high 
temperatures and increased evapotranspiration 
affecting the fishing industry 
Switch to more resilient livestock production 
systems and crops 
Increased risk of water pollution and decreased 
water quality linked to erosion resulting to water 
borne diseases. 
Improve and expand water harvesting and storage 
techniques. 
Decrease in crop productivity due to the shifts of 
agricultural seasons and reduced rainfall amounts. 
Increase land under irrigation. Soil, water and 
nutrient conservation practices. 
Higher temperatures help the spread of pests and 
pathogens that affect agricultural production. 
Switch to more resilient livestock production 
systems and crops 
Decrease in the availability of clean water for 
domestic and agriculture uses 
Expanded rainwater harvesting, water storage and 
conservation techniques, water reuse and irrigation 
efficiency 
Increased incidence of floods as the incidence of 
heavy rainfall events increases Improved land management, such as erosion control 
Increased incidences of drought Switch to more resilient livestock and crop varieties 
Loss of wages due to little or no activity in the 
commercial farms and reduced income  
Increase land under irrigation as an alternative to 
drought and flooding and improve crop and water 
productivity 
 
The profiles shown in Table 4.3 give an analysis of the impact of climate shocks and offer 
adaptation strategies in Sakhisizwe Municipality. The importance of the profiles is to help make 
targeted interventions in case of a shock and to mitigate the impacts. The profiles are useful in that 
they are: 
1. A guide to the impacts of climate shocks. The results unpack the impacts of climate 
shocks of expected to affect the municipality. They are strategic in that they assist 
development planners as they can identify the degree of vulnerability of the community to 
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a climate shock, and find ways to reduce their vulnerability and increase their adaptive 
capacity. 
2. An early warning system. The profiles play an important in that they forewarn 
policymakers and arms them with a tool to make targeted interventions where necessary.  
3. Policy development. Disaster management has been the main motivation behind the 
spread of early warning systems (Lema and Majule, 2009; Seaman et al., 2010). The 
importance of early warning systems is to improve the efficiency in the scale and timing 
of intervention in an emergency. Early intervention is the core of early warning systems. 
Such interventions often require changes in policy and practice and the profiles are a useful 
tool to this effect. 
4.7. Summary 
Elliot Town is surrounded by a farming area, which dominates the whole of Sakhisizwe 
Municipality. The farmers concentrate mainly in crops and livestock production. The main crops 
grown are maize and other small grains and, and on livestock they mainly rear cattle and sheep. 
An analysis of temperature and rainfall trends for the past 30 years has shown no major impact of 
climate change but climate variability as rainfall and temperature are highly variable in the 
municipality. Although insignificant, there has been an increase in maximum temperatures, 
causing high intensity rainfall and floods. These climate shocks have been recurring in the 
municipality in recent years. However, the warmer temperatures are favouring the opening of more 
land for agriculture. The municipality is classified as semi-arid and water scarce region, a situation 
that should justify the mobilisation of more resources towards water harvesting. The 20 years 
projection trend indicate that the intensity of climate variability will increase causing annual 
seasons to become unpredictable. This will call for an intensification of the use of early warning 
systems to prepare farmers, residents, policy-makers and other stakeholders on the possibility of 
an occurrence of a climate shock. According to the survey undertaken the majority of the residents 
in the town and the farmers in the surrounding areas are less equipped and prepared in the event 
of a climate shock occurring in the system. Large scale commercial farmers are more equipped 
and prepared as they have water storage facilities such as dams and water tanks and other resources 
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to sustain climate shocks, but smallholder farmers are more vulnerable as they depend entirely on 
rainfall for agriculture. 
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CHAPTER 5 
CONCLUSION AND RECOMMENDATIONS 
5.1. Conclusion 
The study will contribute to knowledge on climate change and variability, not only to the 
Sakhisizwe Municipality but also to the entire country, South Africa, as well as other parts of sub-
Saharan Africa. The objectives were to assess the vulnerability of Elliot Town in the Eastern Cape 
Province of South Africa to the impact of climate change, paying particular attention on water 
resources and agriculture production from the surrounding farms in the Sakhisizwe Municipality. 
The goal is to develop a tool that would act as an early warning system to assist policymakers and 
other stakeholders on measures that can be taken in case of a climate shock occurring in the system. 
This was achieved through developing adaptive measures to be used in case of such a shock in 
order to mitigate the impacts of climate change and variability in the whole municipality. 
The data analysis and literature review on climate and agriculture done in this study identified and 
defined the impacts of climate change and variability on water resources, agricultural and 
households in the municipality. The results give a wealth of data and information that helps 
policymakers, and other stakeholders on the impacts of climate change and variability in 
Sakhisizwe Municipality. The results have shown that climate change is not affecting much in the 
municipality, but there is more of increased climate variability, which is causing the increase of 
floods and drought. Climate variability impacts are affecting water quality and food security 
especially to smallholder farmers in the municipality. Smallholder farmers do not have the 
necessary resources to mitigate climate related impacts like their commercial counterparts. 
The extent of awareness of climate change and variability by residents and farmers was also 
analysed through a questionnaire. The responses given showed that the residents of Elliot Town 
have little knowledge on climate change and its impact. Although commercial farmers were aware 
of climate change, the majority lacked detailed information. Smallholder farmers had little 
knowledge as compared to commercial farmers. In general, the results of the study indicate that 
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residents and farmers are not fully informed about the concept of climate change although they 
have observed a slight decline in agriculture output over the years. 
The study has also shown that the community’s level of education was significant to understand 
climate change and variability. However, the level of education of some smallholder farmers was 
not good enough to influence awareness. The study found out that the lower the level of education 
the higher the chances of not being aware of climate change and variability. Formal extension 
services increased awareness of livestock farmers. However, among the farmers that were aware, 
not many received formal extension services, which seemed to increase the awareness to climate 
change and variability. 
The study has also shown that extension service does not necessarily increase decisions to adapt 
to climate change and variability, but support access to information about climate change that helps 
to make decisions to adapt. Some residents and local farmers associate the increase in temperature 
with a declining in rainfall. This notion supports the view that climate change and variability are 
taking place and have been perceived by the whole community of Sakhisizwe Municipality. 
The outcomes of this study indicate that climate change and variability are somehow positively 
influencing agricultural as more land is being opened for cultivation and the slight increase in 
maximum temperature is favouring livestock breeding. The projections made also indicate that if 
there were any changes in climate they would actually favour increased crop production if the 
challenges associated with climate change were contained. 
Rainfall data analysis has shown that rainfall patterns and trends in Sakhisizwe Municipality are 
not changing but have become highly variable in recent years. The frequency of floods and drought 
has increased in recent years affecting water quality and food security. There is therefore need to 
adopt water harvesting technologies to mitigate the impacts of drought. There is also need to 
intensify irrigation in the municipality to increase water and crop productivity to mitigate the 
problem of water scarcity and food insecurity. Water quality will continue to be affected by 
flooding and this calls for the construction of enclosed water purification tanks and adopt new 
water purification technologies. 
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The greatest challenge in the municipality and South Africa at large, is lack of monitoring data 
(climate, soil, and hydrology) which would be needed to develop site-specific management 
strategies and for adapting them according to trends in climate as well as in quantity and quality 
of soil and water resources. There is therefore need for a concerted effort by policymakers and 
researchers to make use of and develop proxies from remote sensing to monitor and ultimately 
predict climate shocks. 
5.2. Recommendations 
•  There is a great need to further awareness campaigns on climate change and variability and 
their impacts in the Sakhisizwe Municipality. This will assist in getting cooperation from 
residents when taking measures to alleviate climate change impacts.  
•  Climate change and variability management strategies must be promoted strongly in the 
Sakhisizwe Municipality and these must include adaptation measures to minimise the 
impact of climate change on livestock production, crop cultivation and water availability. 
•   As temperature and rainfall variations affect water availability and food security, as well 
as livelihoods, the community needs training on adopting and utilising water harvesting 
technologies and use irrigation to mitigate climate change and variability impacts.  
•  The government, through the relevant departments and institutions, should come up with 
national policies that promote research and development programmes that support the use 
of new technologies and practises that can be used to alleviate water scarcity and food 
insecurity. These policies must aim to promote irrigation and increase crop and water 
productivity, key elements to alleviate water scarcity and food insecurity. 
•  The government should also consider the adaptation programmes that reduce the impacts 
of climate change and variability, and these programmes could include access of livestock 
to supplementary feed and appropriate crop production methods in response to the 
prevailing climatic conditions to ensure high yields.  
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•  The use of new research technologies such as Remote Sensing and Geographic Information 
Systems (GIS) need to be promoted in schools, colleges and universities, as they are 
important tools that are used in disaster risk reduction and early warning. 
•  Decision support systems and other technologies like mobile phones can be adopted as 
mediums to transmit information related to climate risk to residents and local farmers. 
These technologies transmit information in real time and are capable of mitigating risk. 
•  Public consultation is of paramount importance as the community is involved in decision-
making and testing of opinions through research. The community will have a sense of 
ownership of natural resources, which will bring about their responsible use. It will also 
create a sense of belonging as residents of the municipality. 
•  The municipality should apply strict but affordable measures to households that water may 
be used sparingly and ensure that fresh water resources are also available for other uses 
downstream. 
•  This study should be made available as reference for future studies and parts of it can be 
used for new or further research to promote the cascading of knowledge and information 
to difficult people. 
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ANNEXES 
1. Questionnaire 
A.1 COMPOSITION AND CHARACTERISTICS OF FARM/HOUSEHOLD  
Answer the following questions by placing a tick (√) in the appropriate box.   
1.1 How long have you been in Elliot?  
A. > 10 years           B. 10-20 years           C. 30-40 years          D. 40-50 years              E. <50 years   
1.2 In which location do you stay? 
A. Masibambane           B. Hillview          C. Takalani         D. Polar Park         E. Verris           F. 
Town 
 G. Farm 
A.2 FARM/HOUSEHOLD CHARACTERISTICS   
1 2 3 4 5 6 7 
Size of 
household   
>3 …….1 
4-6 ……2 
< 6 ……3 
Gender of 
head of 
household   
 
Male….... 
1  
Female….
2  
 
 
Age of 
head of 
household  
(years)     
 
16-
25……..1  
26-
35……..2  
36-
45……..3  
46-
55……..4  
>56..........5   
 
What is 
marital 
status of the 
household 
head?     
Single……..
..1  
Married…...
2  
Divorced…..
3  
Widowed….
4 
Separated...5  
 
Education level     
Pre-
school…….1  
Std1 ………..2  
Std6..........3  
Std10.…..…4  
Higher…....5  
None...……6  
 
Occupation        
Farming…
….1  
Employed…
.2  
Housewife..
3  
Pensioner….
4  
Business…
…5  
No Job 
……..6   
 
Is farming 
your major 
source of 
income?       
Yes…..1  
No……2    
 
A.3 IF YOU ARE A FARMER, WHICH TYPE OF FARMING, ARE YOU SPECIALISING 
IN? 
A. Crop farming                     B. Animal rearing              C. Horticulture                
D. Market Gardening 
A.4 ACCESS TO INFORMATION ON CLIMATE CHANGE   
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4.1 Do you have access to information on climate change?   
A. Yes     B. No                   
 4.2. What is your source of information on climate change?   
A. Flyers              B. Magazines            C. Radio             D. Local newspapers            
 E. Other (specify) _______________________             F.  None                       
 
4.3 Do you receive information on climate change through extension services?    
A. Yes        B. No    
 
4.4 Through what channel did you receive information on climate change?  
A. Formal extension              B. Farmer to farmer              C. Family support             D. Neighbors  
4.5 What kind of support do you receive for climate change effects?   
A. Formal extension             B. Farmer to farmer extension             C. Formal credit  
D. Relatives in the village                   E. Other (specify)..............................                 F. None   
4.6 Does the information you get make any difference stock population/crop production/domestic 
water usage?   
A. Yes                                                    B. No         
B.  LAND CHARACTERISTICS   
B.1 Land tenure system                 
A. Private (own)   B. Communal          C. Permission to occupy (P.T.O)  
D. Renting    E. Other (specify)             ......................................... 
B.2 Who manages the farm?   
A. Individual                       B. Family members                C. Farmers’ group             D. Co-operative  
E. Private company                  F. Trust                             G. Other (specify)       ……………………   
B.3 Who owns the farm?   
A. Individual             B. Family members              C. Farmers’ group              D. Co-operative  
E. Private company            F. Trust                    G. Other (specify)……………………………….   
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C. FARMER’S/RESIDENT’S OBSERVATIONS ON CLIMATE CHANGE   
C.1 How has the weather been in the past 5 years since 2008? Tick in the relevant box. 
 1.  TEMPERATURES:   A. Temperatures increased            B. Temperatures decreased            
 C. Temperatures stayed the same            D. Have not observed any changes in temperatures  
2.  RAIN:  A. Rains increased            B. Rains decreased           C. Rains stayed the same           
D. Floods                 E. Not observed any changes in rainfall     
 
3.  Are you aware of the 2003/2004 or 2004/2005 drought?  
A. Yes                        B. No  
C.2 How has the weather been since 2008 to date?  None….1      Average...2       Bad …3      
Severe ….4 
 1. Drought 2. Winds 3. Floods 4. Other (specify) 
2013     
2012     
2011     
2010     
2009     
2008     
 
D. ADAPTATION MEASURES   
D.1 Have you adapted to climate change?  
A. Yes               B. No  
D.2 What adaptation measures have you adopted to deal with the changes in temperatures 
and rainfall?  
A.  Provide portable water             B. Built water storage facilities                C. Hire water tanks              
D. Drilled boreholes           E. Did not adapt   
D.2 If you did not adapt what made you not to adopt adaptation measures?   
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A.  Lack of information            B. Lack of money              C. Not aware of climate change  
D.  Do not know what to do              E.  Distance to weather stations                      
 
E. HEALTH PROBLEMS EXPERIENCED AS A RESULT OF CLIMATE CHANGE 
E.1 Are there any health problems you might have identified that were caused by climate 
change? 
A. Yes                         B. No  
E.2 If yes what do you think needs to be done help solve the problem? 
A. Educate the public about causes of climate change             B. Make those contributing to climate 
change pay                
C. I don’t know. 
Thank you for answering this questionnaire. 
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2. Distribution of the population according to 
suburb/place lived 
 
 
3. Source of information on climate change 
 
  
Masibambane, 
22%
Hillview, 
11%
Takalani, 
5%Polar Park, 
18%
Verries, 
14%
Town, 12%
Farm, 18%
Flyers, 6%
Magazine
s, 11%
Radio, 
35%Local 
Newspape
rs, 13%
Other, 18, 
16%
None, 
19%
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4. Type of farming 
 
5. Household size 
 
  
Crop, 70%
Animal, 
26%
Horticulture, 
4%
>3 People, 
26%
4 to 6 
People, 
43%
<6 People, 
31%
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6. Annual average minimum and maximum 
temperatures and rainfall 
Year 
Average 
minimum 
temp (°C) 
Average 
maximum 
temp (°C) 
Rainfall 
(mm) 
1985 7.7 22.0 1182.0 
1986 6.5 21.6 964.7 
1987 7.1 21.7 881.8 
1988 6.8 20.7 1145.4 
1989 6.8 21.3 1037.1 
1990 6.4 22.3 769.2 
1991 7.0 22.2 969.0 
1992 6.7 23.1 564.2 
1993 7.0 22.2 881.1 
1994 6.1 22.0 723.4 
1995 6.7 22.0 969.7 
1996 6.7 20.9 1020.8 
1997 6.8 21.6 869.4 
1998 6.7 22.3 1107.8 
1999 7.2 23.0 435.2 
2000 6.5 21.5 1192.0 
2001 7.3 21.6 973.1 
2002 7.2 22.0 979.4 
2003 6.5 22.8 679.3 
2004 6.7 22.1 1051.0 
2005 6.9 22.1 756.4 
2006 8.1 22.1 1319.3 
2007 6.5 23.1 782.6 
2008 6.6 23.0 917.5 
2009 6.1 22.5 811.4 
2010 7.2 23.2 926.0 
2011 6.3 21.7 1097.2 
2012 8.2 23.7 954.8 
2013 6.8 22.5  
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7. Cereal production 
Year 
Cereal 
production 
(100 tons) 
1986 860.0 
1987 700.0 
1988 700.0 
1989 620.0 
1990 620.0 
1991 340.0 
1992 650.0 
1993 1229.0 
1994 1225.0 
1995 1360.0 
1996 699.0 
1997 440.0 
1998 428.0 
1999 620.0 
2000 550.0 
2001 564.0 
2002 600.0 
2003 963.0 
2004 1030.0 
2005 781.0 
2006 980.0 
2007 1070.0 
2008 1120.0 
2009 980.0 
2010 890.0 
2011 1120.0 
Note: Cereals include maize, wheat and sorghum 
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8. UNISA Research Ethical approval letter 
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9. Municipal approval letter 
 
